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Amendments to the Claims: This listing of claims will replace all prior versions, and listings, 
of claims in the application 

Listing of Claims: 

1. (Currently Amended) A method for manufacturing a microstructure device, 
which includes at least one fine feature on an existing feature, using a near field scanning 
optical microscope (NSOM) laser micromachining system including an NSOM and a micro- 
machining laser, the method comprising the steps of: 

a) providing a microstructure device preform including the existing feature on a top 
surface; 

b) profiling a portion of the top surface of the microstructure device preform with 
the NSOM to produce a topographical image of the portion of the top surface, the portion of the 
top surface selected such that the topographical image Includes a representation of the existing 
feature; 

c) defining an image coordinate system, in terms of settings of the NSOM, for the 
profiled portion of top surface of the microstructure device preform based on the topographical 
image; 

d) determining coordinates of a reference point and an orientation of the existing 
feature of the top surface of the microstructure device preform in the image coordinate system 
using the topographical image; 

e) aligning a probe tip of an NSOM probe of the NSOM over a portion of the existing 
feature of the microstructure device preform using the coordinates of the reference point and 
the orientation of the existing feature determined in step (d); and 

f) machining the top surface of the microstructure device preform wttfr-using lj.ght 
from t he micro-machining laser counted through the NSOM pnobe.to form the at least one fine 
feature on the existing feature, completing the microstructure device. 

2. (Original) The method according to claim 1, wherein step (b) includes the 
steps of: 
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bl) selecting the portion of the top surface of the microstructure device preform to be 
profiled; 

b2) aligning the probe tip of the NSOM over a point in the selected portion of the top 
surface of the microstructure device preform; 

b3) determining a distance between the probe tip of the NSOM and the top surface of 
the microstructure device preform; 

b4) controlling the distance between the probe tip and the top surface such that the 
distance is substantially equal to a profiling distance by moving one of the NSOM probe or the 
microstructure device preform In a vertical direction; 

b5) scanning the probe tip over the selected portion of the top surface while 
repeating steps (b3) and (b4) to maintain the distance between the probe tip and the top 
surface substantially equal to the profiling distance; 

b6) determining topographical information of the surface based on the vertical 
movement of the one of the NSOM probe or the microstructure device preform moved in step 
(b4). 

3. (Original) The method according to claim 2, wherein step (bl) includes the 
steps of: 



an optical image; 

bib) identifying an area of the top surface that includes the existing feature from the 
optical image; 



bla) 



optically imaging the top surface of the microstructure device preform to produce 



blc) selecting the area identified in step (bib) as the portion of the top surface to be 



profiled. 
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4. (Currently Amended) A method fo r manufacturing a microstructure device, 

which includes at least one fine feature o n an existing feature, using a near field scanning 



optical microscope fNSOMI laser micromaehinl n o system including an NSOM and a micro- 
maehinina laser, the method comprising t he steps ofc . 



a) providing a microstructure device prefo rm including the existing feature on a . tp jz 
surface; 



M profiling a po r tinr, nf the too surface of the microstructure device preform With 
the NSOM to produce a topographical I m age of the portion of the top surface,, . the RPftion Pf the 



top surface selected such that the topogr ap h i cal image includes a replantation of the , existing 
feature: 

M selecting a portion of the t on surface of the microstructure device preform to be 
profiled .! 

E) aligning a orohe tip of the NSOM over a point in the selected portion of the top 
surface of th e microstructure device preform; 

H-> HPtPrminino a d i stance between the probe tip of the NSOM and the top surface . gf 
the microstruC H .rP rtavlra preform bvThe . method according to elo i m 2, wherein the stop of 
determin i ng the distance between the probe tip and the top surface of the microstructure device 
preform i ncludes detecting an atomic force between the probe tip and the top surface! 

controlling the distance between tha probe tip and the too surface such that the 
distance is substantially eoual to a profiling d istance by moving one of the NSOM probe orj&e . 
microstructure device preform in a vertical direction ; 

F> scanning the or ohe t i p over the Selected portion of the top surface while 
repeating steps fd^ and ( e \ to maintain the distance between the probe t?P and the top surface 
substantially eoual to the profiling distance! 
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determining topographical information of the surfa ce based on the vertical 
movement of the one of the NSOM probe or the microstructure device preform moved in step. 



M defining an image coordinate syst em, in terms of settings of the NSQM, for the 
profiled portion of top surface of the microstructure devi ce preform based on the topographical 
Image: 

determining coordinates of a reference point and an ori entation of the existing 
feature of the top surface of the microstructure devic e preform in the image coordinate SVStSm 
usjno th5 topographical ima.gej 

j} aligning a probe tip of an NSQM probe of the NSOM over a portion of the existing 
feature of the microstructure device preform usinO-the coordin ates of the reference point and 
the orientation of the existing feature determined in step (h; and 

1^ machining the too surface of the microstructure device preform with t he micro- 
machining laser to form t he at least one fine feature on the existing feature, completing the 
microstructure device. 

5, (Currently Amended) A method for manufacturing a m icrostructure devtee, 

which Includes at least one fine feature on an existi ng feature,, using a near field scanning 
optical microscope ( NSOMl laser micromachinino syst em including an NSOM and a micro- 
mqchinino laser, the method comprising the steps of: 

pi providing a microstructure device preform inclu ding the existing feature on a tQP 
surface! 

bl profiling a portion of the too sur face of the microstructure device preform with 
the NSOM to produce a topographical image o f the portion of the top surface, the portion of the 
too surface selected such that the t o pogra phical Image includes a representation of the existing 
feature; 
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£0 Selecting a PQrtlQn Of tte tQP SVrE-.ce of the microstmcture device preform to be 

profited; 

c) aligning a probe tip of the NSOM over a point in the selected portion of the top 
surface of the microstructune device preform; 

d) T he method according to cla i m 2 - , -w hcnGin atop - f - Ml - inc l udes the 9tcpg of; 

b3a) — generating a periodic oscillation of the NSOM probe of the NSOM in the vertical 
direction; 

b3fee) detecting at least one of; 



£3ef) determining the distance between the probe tip and the top surface based on 
changes in the at least one of the period or the amplitude of the periodic oscillation detected in 
step (b3bg)i 

q) controlling the distance between the_pr_obe tip and the top surface such that the 
distance is substantially equal to a profiling distance bv moving one of the NSOM probe or the 
microstructure device preform in a vertical direction: 

h) scanning the probe tip over the selected portion of the too surface while 
repeating steps fd^ fe\ (f) and (o) to maintain the distance between the probe tip and the too 
surface sub stantially equal to the profiling distance; 

Q determining topographical information of the surface based on the vertical 



movement of the one of the NSOM probe or the microstructure device D/eform moved in step 
tell 



a period of the periodic oscillation of the NSOM probe; or 



an amplitude of the periodic oscillation of the NSOM probe; and 
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•H defining an image coordinate system, in terms o f settings of the NSOM. for the 
profiled portion of top surface of the microstructure device preform based on the topographical 
Ima g e ; 

\c) determining coordinates of a reference point anda n orientation of the existing 
feature of the too surface of the microstructure device preform in the image coordinate system 
LISinq the tPPPqraphical image; 

h aligning a p robe tip of an NSOM probe of the NSOM over g portion of the exiting 
feature of the microstructure device preform usi ng the coordinates of the reference point and 
the orientation of the ex isting feature determined in step (k); and 

m> machining the too surface of the microstructure device preform with the micro- 
machining laser to form the at least one fine f eature on the existing feature, completing the 
microstructure device . 

6. (Original) The method according to claim 2, wherein the step of controlling 
the distance between the probe tip and the top surface of the microstructure device preform 
includes using a Z motion stage to control a vertical position of one of the NSOM probe or the 
microstructure device preform based on the distance between the probe tap and the top surface 
determined in step (b3). 

7. (Original) The method according to claim 2, wherein: 

the profiling distance is in the range of up to about 50nm; and 

the distance between the probe tip of the NSOM and the top surface of the 
microstructure device preform is controlled in step (b4) with a tolerance of less than 5nm. 

8. (Original) The method according to claim 2, wherein step (b5) includes: 

b5a) moving the probe tip back and forth across the selected portion in a first 
horizontal direction to perform a plurality of passes; and 
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bSb) moving the probe tip a predetermined distance in a second horizontal direction 
between each consecutive pair of passes, the second horizontal direction being different from 
the first horizontal direction, thereby scanning the selected portion of the top surface. 

9. (Original) The method according to claim 1, wherein the Image coordinate 
system includes X, Y, and Z coordinates for the profiled portion of the top surface of the 
microstructure device preform, the X, Y, and Z coordinates being respectively scaled to 
corresponding X, Y, and Z settings of the NSOM determined in step (b). 

10. (Currently Amended) A method fo r manufacturing a microstructure device. 
which includes at least one fine feature on an existing feature, using a near field scannijjfl 
optical microscope ( NSOM) laser micromachining system in cluding an NSOM and a micros 
machining laser, the method comprising the steps oh 

a) providing a microstructure device preform including the existing .feature on a top 
surface;, 

b) profiling a portion of the t oo surface of the microstructure device preform with 
the NSOM to produce a to pographical image of the portion of the tQP gurfo^, the portion of the 
too surface selected such that the topographic a l imaoe includes a representation of the existing 
feature; 

c) defining an image coordinate system, in terms of settings of the NSOM, for the 
profiled portion of too surface of the microstructurejJevice prefo rm based on the topographical 
image; 

dl determining coordinates of a reference point and an orientation Qf the existing 
feature of the top surface of the microstructure device p r eform in the image coordinate sysftgrn 
using the to pographical imaaeiThc method accord i ng to c l aim lj whorcin: 

step (d) further includes the steps of; 
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| dig) determining coordinates of two calibration points of the top surface of the 

microstructure device preform in the image coordinate system using the topographical image, 
the two calibration points being a predetermined distance apart;^fld 

d2f) calculating a conversion factor between the image coordinate system and a 
spatial coordinate system of the microstructure device preform;-d«# 



g) aligning tbe-a_probe tip of an NSOM probe of t he NSOM over the portion of the 

existing feature In stop (o) further Includeo using %he cpprjlpete? pf {hq rgfersncg point and the 
orientation of the existi ng feature determined in step (d) and t he conversion factor between the 
image coordinate system and the spatial coordinate system determined in step (<tefi : and 



b), machining the tQp Surface Pf thS micrQSlTMCfore device preform with the micro- 
machining laser to form the at least one fine feature on the existing feature,. oomnteLtioiaJthe 
microstructure device . 

11. (Original) The method according to claim 1, wherein step (e) includes the 
steps of: 

el) aligning the probe tip horizontally over a portion of the existing feature of the 
microstructure device preform; and 

e2) controlling the distance between the probe tip and the top surface of the 
microstructure device preform to be substantially a machining distance based on the 
topographical image of the portion of the top surface of the microstructure device preform and 
the image coordinate system. 

12. (Original) The method according to claim 11, wherein the step of controlling 
the distance between the probe tip and the top surface of the microstructure device preform to 
be substantially the machining distance includes using a 2 motion stage to control a vertical 
position of one of the NSOM probe or the microstructure device preform. 



13, (Original) The method according to claim 11, wherein: 
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the machining distance is in a range of up to half of a peak wavelength of light 
generated by the micro-machining laser; and 

the distance between the probe tip of the NSOM probe and the top surface of the 
microstructure device preform is controlled in step (e2) with a tolerance of less than 5nm, 

14. (Original) The method according to claim 1, wherein step (f) Includes the 
steps of: 

fl) using the micro-machining laser to generate pulses of laser light; 
f2) coupling the pulses of laser light into the NSOM probe; 

f3) coupling a neaMleld mode portion of the pulses of laser light through the probe 
tip of the NSOM probe and onto the portion of the existing feature of the microstructure device 
preform over which the probe tip is aligned to machine the top surface of the microstructure 
device preform in the portion of the existing feature over which the probe tip is aligned; and 

f4) aligning the probe tip over another portion of the existing feature and repeating 
steps fl, f2, f3 r and f4 until the microstructure device is completed. 

15. (Original) The method according to claim 14, wherein: 

the micro-machining laser includes a laser oscillator and an attenuator; and 

step (fl) includes the steps of: 

fla) using the laser oscillator to generate initial pulses of laser light having an 
initial fluence; and 

fib) using the attenuator to control the fluence of the initial pulses of laser 
light, thereby producing the pulses of laser light having a predetermined near-field 
machining fluence. 
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16. (Original) The method according to claim 14, wherein: 



the micro-machining laser includes a laser oscillator and a polarization controller; and 



step (fl) includes the steps of: 



fla) using the laser oscillator to generate initial pulses of laser light having an 
initial polarization; and 

flb> using the polarization controller to adjust the initial polarization of the 
initial pulses of laser light to a substantially circular polarization. 

17. (Original) The method according to claim 14, wherein: 

the micro-machining laser includes a laser oscillator to generate the pulses of laser light 
In step (fl) and a shutter to control emission of the pulses; and 



step (f4) includes the steps of: 

f4a) moving the at least one of the NSOM probe or the microstructure device 
preform to scan the probe tip over a region of the top surface of the microstructure 
device preform Including portions of the existing feature in which the at least one fine 
feature is to be machined; 

f4b) opening the shutter when the probe tip is scanned over the portions of the 
existing feature in which the at least one fine feature Is to be machined, thereby 
allowing machining of the at least one fine feature; and 

f4c) closing the shutter when the probe tip is scanned over other areas of the 
scanned region of the top surface of the microstructure device preform/ thereby 
preventing machining of the other areas of the scanned region. 

18. (Original) The method according to claim 1, wherein machining the top 
surface of the microstructure device preform in step (0 includes at least one of: 
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ablating device material of the microstructure device preform in the portion of the 
existing feature over which the probe tip is aligned; 

laser-assisted chemical vapor depositing deposition material on the top surface of the 
microstructure device preform in the portion of the existing feature over which the probe tip is 
aligned; 

exposing photoresist on the top surface of the microstructure device preform in the 
portion of the existing feature over which the probe tip is aligned; 

changing an index of refraction of the device material of the microstructure device 
preform in the portion of the existing feature over which the probe tip is aligned; 

altering a lattice structure of the device material of the microstructure device preform in 
the portion of the existing feature over which the probe tip is aligned; or 

changing a chemical composition of the device material of the microstructure device 
preform in the portion of the existing feature over which the probe tip is aligned. 

19. (Original) The method according to claim 1, wherein the micro-machining 
laser is one of an ultrafast laser, a pulsed solid state laser, a pulsed dye laser, a microchip laser, 
a pulsed C0 2 laser, or an excimer laser, 

20. (Withdrawn) The method according to claim 1, wherein the microstructure 
device to be manufactured Is at least one of a microstructure mold, a quantum cellular 
automaton, a coupled quantum dot device, a resonant tunneling device, a multifunction optical 
array, a diffractive optical element/ a beam shaper, a microlens array, an optical diffuser, a 
beam splitter, a laser diode corrector, a fine pitch grating, a photonic crystal, a micro-electrical- 
mechanical system, micro-circuitry, a polymerase chain reaction microsystem, a biochip for 
detection of hazardous chemical and biological agents, a high-throughput drug screening and 
selection microsystem, a micro-surface-acoustlc-wave device, or a micro-mechanical oscillator. 

21. (Original) The method according to claim 1, wherein: 
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the mlcrostructure device to be manufactured is a micro-mechanical oscillator; and 

a resonance spectrum of the micro-mechanical oscillator Is tuned by the at least one fine 
feature machined on the existing feature. 

22. (Original) The method according to claim 21, wherein: 
step (a) includes the steps of; 

al) activating the micro-mechanical oscillator; 

a2) determining an Initial resonance spectrum of the micro-mechanical 
oscillator; 

a3) comparing the initial resonance spectrum determined in step (a2) to a 
predetermined resonance spectrum; and 

a4) determining a desired shape on the existing feature of the at least one fine 
feature based on the comparison in step (a3); and 

step (f) includes machining the at least one fine feature to have the desired shape on the 
existing feature determined in step (a4) with the micro-machining laser. 

23. (Original) The method according to claim 1, wherein: 
the microstructure device to be manufactured is a photonic crystal; 
the at least one fine feature to be machined is a defect; and 

a transmission spectrum of the photonic crystal is tuned by the defect. 

24. (Original) The method according to claim 23, wherein: 
step (a) includes the steps of; 
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al) determining the transmission spectrum of the photonic crystal; 

a2) comparing the transmission spectrum determined in step (al) to a 
predetermined transmission spectrum; and 

a3) determining a shape of the defect and a defect location based on the 
comparison in step (a2); and 

step (f) includes machining the defect at the defect location and having the shape 
determined in step (a3). 

25-83 (Canceled) 

84 ( (previously Presented) The method according to claim 1, wherein the 
microstructure device to be manufactured Is a mlcro-electrical-mechanical system. 

85-86 (Canceled) 



Page 14 of 17 



PAGE 16/19 1 RCVD AT 1111/2056 3:49:38 PM [Eastern Standard Time]* SVR:U^T0-ff XRF-3/6 * DNIS:27383Q0 • CSID:6104070701 1 DURATION (mm-ss):05«32 



